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Publisher’s Note

Attachments A and B to this reporty referenced in
text -- Surface Synoptic Analysesy and NOLAPS/NOWLAPS
Sounding Plotsy respectively -- will be of limited
interest to most readers/users of this reportsy and
therefore are published separately. Copies of the
attachment(s) will be provided upon written request.

Attachment A (62 pp) comprises descriptions of the
synoptic conditions of the 29 cases addressed in the main
reports with accompanying surface synoptic analiysis charts.

Attachment B (112 pp) comprises plots of soundingsy
versus heights for potential temperatures specific humidity,
wind speeds and wind directiony for the 29 cases.
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1.0 INTRODUCTION

1.1 Summary

The purpose of this final report is to document the development
and testing of a technique for determining the large-scale
tendency terms for the Navy Over-Water Local Atmospheric
Prediction System (NOWLAPS). The delivery order (QE-02) which
encompasses this work is partitioned into three tasks, discussed
in Sections 2 through 4, which respectively describe the

technique developed, its testing, and this final report.

1.2 Background

The NEPRF higher order closure (HOC) model is a one-dimensional,
turbulence model designed primarily for shipboard prediction of
planetary-boundary-layer (PBL) characteristics such as fog,
boundary layer winds and atmospheric refractivity. This model
has been adapted to the HP9845B, option 275, under a previous
contract. Although now runnable as a single-station PBL forecast
model, NOWLAPS's full utility cannot be attained until a method
for determining the large-scale tendency (LST) terms of the
momentum and thermodynamics variables is defined. Such a method
has been available for mainframe, central site, HOC-model
running. However, on board ship or at a remote land location
there is no present way of accessing all of the numerical fields
available on the central-site mainframe. As a result, there must

be a means of determining, by hand or with microcomputer



assistance, these LST terms from available shipboard data. The
purpose of this contract is to determine and exercise such a

technique.

1.3 Statement of Work

As specified in the Statement of Work for Contract No.
N00228-84-D-3155, Delivery Order No. QE-02 consists of three

tasks.

1.3.1 Task 1--"The contractor shall review the current,
central-site method of determining the LST terms and define a
manual method for determining these same terms from the 700 mb

and 850 mb synoptic charts."

1.3.2 Task 2--"Using ocean-station soundings and accompanying
synoptic charts, formulate and test a method for determining the

LST terms for a forecast period of 24 hours."

1.3.3 Task 3--"A manual shall be written to teach the
meteorologist in charge of running NOWLAPS the procedure for
determining the LST terms. In addition, the contractor shall
write a final report which details the results of all three

tasks."



2.0 TASK 1

2.1 Requirements

As specified in the Statement of Work for Contract No.
N0028-84-D-3155, Delivery Order No. QE-02, Task 1 and its

requirements are:

"The contractor shall review the current, central-site method
of determining the LST terms and define a manual method for
determining these same terms from the 700 mb and 850 mb

synoptic charts."

"Requirements: Although it is likely to be impossible to

formulate an automated method for determining the LST terms
on board ship, the method used on the mainframe may provide a
basis for developing a suitable shipboard technique. The
technique developed by the contractor may be quite different

from, and superior to, the mainframe procedure."

2.2 NOGAPS Products

The source of the large-scale forcing parameters is the Navy
Operational Global Atmospheric Prediction System (NOGAPS),
version 2.1. This model predicts synoptic changes and produces
analysis and forecast fields at 12-hour intervals. The
automated, central-site method, interpolates these fields

numerically, producing estimates of the large-scale field



variables at 12-hour intervals for any desired location. The
tendencies can then be computed by determining the change in the
value of any variable from the analysis to the 12-hour forecast
or from the 12- to 24-hour forecasts. The differences are
essentially the local time derivatives of the variables
concerned. When this task is performed at the central site, the
values of the large-scale variables are interpolated from

high-resolution fields and are determined very accurately.

The NOGAPS output was presented to us in the form of analyzed
fields superimposed on a polar stereographic map background. On
these maps, one-fourth of the Northern Hemisphere is displayed,
with the North Pole at the upper left. The distance
corresponding to one degree of latitude is not conserved. For
each forecast case, 27 charts were presented; corresponding to
the three forecast times (analysis, l2-hour forecast, and 24-hour
forecast), the three heights (1000 mb, 850 mb, and 700 mb), and
the three fields (geopotential height, temperature, and vapor
pressure). The temperature fields were analyzed at 5°C intervals
and the vapor pressure fields at 5 mb intervals. Geopotential
height was analyzed at 30-meter intervals for the 1000 mb and 850

mb levels and at 60-meter intervals for the 700 mb level.

2.3 Template Development

To facilitate the extraction of data from the analyzed fields, a
template, or clear plastic overlay is used. The template

contains a cross-hatch, indicating the position of the ship,



surrounded by four dots, oriented east-west and north-south,
equidistant from the ship's location. The template is placed on
the chart, with the cross-hatch at the latitude and longitude
corresponding to the ship's position, and with the North-South

dots pointing toward the North Pole, as shown.

IN

Depending on the latitude of the ship, the distance corresponding
to the length A-B will vary. However, the distance represented
by A-B will always very closely approximate the distance
represented by C-D, if (1) the four points are equidistant from
the cross-hatch and (2) if the projection is conformal. Nearly
all NOGAPS/NORAPS products are displayed on conformal
projections. A spherical projection is an exception and is
nonconformal. For this projection, the distance A-B must be
determined separately from the distance C-D. The distance in
kilometers of the length A-B can be computed by determining the
distance in degrees of latitude and multiplying by the factor
111.1 km/degree. The distance A-B should be well below the mean
synoptic-scale wavelength. A recommended length is 5 to 10

degrees of latitude.



The cross-hatch marking the ship's location is used to extract
the value of the temperature and the vapor pressure. The four
points A through D are used to extract the geopotential height.
The gradient of geopotential height across distance A-B is used
to compute the U component of the geostrophic wind. The gradient
of geopotential height across the distance C-D is used to compute
the V component of the geostrophic wind. A total of six values
are extracted from the three charts for each pressure level and
forecast time. These values are entered into the worksheet shown

in Figure 1.
The procedure for developing and using the template is discussed
in greater detail in the manual "Determination of NOWLAPS

Large-Scale Tendency Terms: A User's Guide." ¥

2.4 Large-Scale Tendency Development

Once the worksheet has been completed, the large-scale tendencies
can be computed through a series of calculations. These
calculations can be performed on a hand calculator or by the

HP9845, using a small program developed for that purpose.

2.4.1 Temperature Tendency--The temperature tendency applied for

the first 12 hours is simply the difference between the 12-hour
forecast temperature and the initial temperature. The

temperature tendency applied for the second 12 hours is the

%

Published separately as NAVENVPREDRSCHFAC
Contractor Report CR 87-08, April 1987.
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Figure 1. Large Scale Tendency Worksheet

INPUT
Vapor
Pressure Time Ht (4) Ht (B) Ht (C) Ht(D) Psr (E) Tmp (T)
(mb) (hours) (m) (m) (m) (m) (mb) (°c)
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difference between the 24-hour and the 12-hour forecast

temperatures.

2.4.2 Moisture Tendency--The vapor pressure values determined

from the NOGAPS output must be converted to specific humidity to
be in units suitable for use in the NOWLAPS model. This
conversion is accomplished using the following relationship,

known as Teten's formula:

p - (0.378) (e)

where
e = Vapor pressure (mb)
p = Total atmospheric pressure (mb)
q = Specific humidity (g/kg)

The initial 12-hour moisture tendency is then the difference
between the specific humidity forecast at 12 hours and the
initial specific humidity. The moisture tendency for the final
12 hours is the difference between the specific humidity forecast

for 24 hours and that forecast for 12 hours.

2.4.3 Wind Tendency--The wind is expressed as two parameters,

the u, or east-west component, and the v, or north-south



component. These parameters are computed from the four point

values, A-D, of geopotential height as follows:

g (A-B)
U= = === ==c=-
f Ay
g (C-D)
v = —— —==—-
£ AX
where
u = Geostrophic wind in the east-west direction (m/sec)
v = Geostrophic wind in the north-south direction (m/sec)
g = Acceleration of gravity (9.81 m/sec?)

= Coriolis parameter (1/sec)

A,B,C,D = Points at which geopotential height is estimated

(meters)
AY = Distance between points A and B (meters)
AX = Distance between points C and D (meters)

The l2-hour tendency terms of the u and v components of the wind

are computed from l2-hour differences as with the temperature and

moisture parameters.



2.4.4 Use of large-Scale Tendency Terms--The computations

discussed above yield a total of 24 large-scale tendency terms.
These are the u-component, v-component, temperature, and moisture
tendencies for the first and second 12-hour periods for each of
three levels. These values are input directly into the NOWLAPS

forecast in response to prompts received from the software.

10



3.0 TASK 2

3.1 Requirements

As specified in the Statement of Work for Contract No.
N00228-84~D-3155, Delivery Order No. QE-02, Task 2 and its

requirements are:
"Using ocean-station soundings and accompanying synoptic
charts, formulate and test a method for determining the LST

terms for a forecast period of 24 hours."

"Requirements: In order to provide a control against which

NOWLAPS can be compared, the contractor shall access and run
the Navy Operational Local Atmospheric Prediction System
(NOLAPS) on the Fleet Numerical Oceanography Center's (FNOC)
SPC computer (CDC Cyber 175). Although general job control
language (JCL) for running NOLAPS will be provided by NEPRF,
running these jobs remotely will require a basic knowledge of

Control Data Corporation (CDC) Intercom procedures and JCL."

"Sounding data (both initializing and verifying) shall be
provided by three North Atlantic Weather Station ships
(Charlie, Lima, and Romeo) and shall be accessed through the
running of NOLAPS (see Burk and Thompson, 1982 and Thompson
and Burk, 1983--see Attachments A and B). This sounding data

shall provide the basis for running both NOLAPS and NOWLAPS."

11



"The contractor's first step shall be to run a number of
ocean station forecasts using NOLAPS in order to identify
cases for the LST testing. The contractor shall use his or
her discretion in determining the actual number of cases to
be later tested using NOWLAPS; although, it is anticipated
that this number will lie somewhere between twenty and
thirty. 1In order to identify, from the initial NOLAPS runs,
cases suitable for this study, the contractor shall utilize
and divide cases equally between the following three ranges
of synoptic conditions: cases in which the synoptic
situation is changing markedly during the 24-hour period;
cases in which the synoptic situation is stagnant; and cases
which lie somewhere in between the first two categories.
After isolating the test cases, the contractor shall
delineate the cases for the COTR: briefly summarizing each
case, specifying the category into which it falls, and the

reason for its choice."

"Following the above contractor-COTR coordination, the COTR
will then forward to the contractor synoptic charts (850 and
700 mb), both for the analysis, and the 12- and 24-hour
forecasts for the appropriate periods and locations. These
charts will have been generated from JCL (provided by the
COTR) which the contractor runs coincidentally with the
earlier specified NOLAPS forecast. The initializing ocean
station soundings shall be the basis for running NOWLAPS. The

accompanying synoptic charts shall provide the means for

12



developing the onboard-ship method of defining the LST

terms."

"The LST term determination, from the synoptic charts, must
be amenable to description in a manual (see Task 3) and made
to be 'objective.' We define 'objective' here as meaning
minimization of the necessity to exercise individual
Jjudgment. We additionally define objective, in the case of
this procedure, to mean reproducibility of results when a
number of people apply the same procedure to identical input

information."

"After developing a "first-guess" method for determining the
LST terms, the contractor shall produce 24-hour forecasts
using NOWLAPS for several of the chosen ocean-station cases.
The contractor shall choose, based on the initializing
sounding, which of the two NOWLAPS vertical grids will be
used. Two 24-hour forecasts shall be run for each case: one
with the LST terms set to Zero, and a second using values
defined by the above method. Both of these forecasts shall
be compared to the verifying 24-hour sounding, the
persistence forecast, and the NOLAPS 24-hour forecast. This
comparison shall include for each case the root mean square
(RMS) error for both potential temperature and mixing ratio.
When verifying data are available, the RMS errors shall
likewise be computed for both the wind speed and the wind
direction. All RMS errors shall be computed over the entire

depth (at each grid point) of the NOWLAPS forecast. The

13



purpose of these comparisons is to determine the effect of
the LST terms both 1) with respect to the initial and final

soundings, and 2) with respect to the NOLAPS forecast."

"The above comparison will evaluate the effect of the
manually-defined LST terms. If, after analyzing the results
of several ocean-station predictions, it becomes clear that
the developed procedure does not result in an improved
forecast, compared to the no LST term case and the verifying
sounding, the LST procedure shall be re-evaluated. 'When the
procedure is improved, the general outline of this and the

previous paragraph shall be repeated."

"Following the development of the best method for determining'
the LST terms, all of the chosen weather station cases
identified earlier shall be run, analyzed, and evaluated.
This evaluation shall include for each case the root mean
square error for both potential temperature and mixing ratio
for the persistence forecast, the no LST term forecast, the
LST term forecast, and the NOLAPS forecast. When data are
available, the RMS errors shall likewise be computed for the
wind direction and speed forecasts. The RMS errors shall be

computed over the entire depth of the NOWLAPS forecast."
3.2 Test Cases

Twenty-nine test cases were developed. These cases occurred

during the period 16 February 1986 through 12 June 1986. Each

14



case consists of an initial and verifying sounding, 24 hours
apart, and all used data from weather ship "Charlie," located at
latitude 52.7°N, longitude 35.5°W, in the North Atlantic. The
cases have been subjectively broken down by degree of temperature

change, as follows:

Large Small No Small Large
Warming Warming Change Cooling Cooling
2 8 1 7 4
3 9 5 12 6
15 11 10 14 27
17 13 16 19 28
26 18 24 20 29
23 21
22
25

A discussion of the synoptic conditions of each case may be
found in Section 3.2.1; synoptic analyses are available in

Attachment A.*

A NOLAPS 24-hour forecast was run for each case using the Fleet
Numerical Oceanography Center's SPC Computer. The forecast
results were obtained in printout format through the mail along
with the applicable NOGAPS analyses and forecast charts.
Large-scale tendencies were computed as described in Section 2.
Two 24-hour NOWLAPS forecasts were run on the HP9845 for each

case, one with large-scale tendencies, and one without.

Available separately upon reauest.
15



A program, developed to run on the HP9845, computed RMS error and
bias comparisons for the initial and verifying soundings, the
NOWLAPS forecasts (with and without large-scale tendencies), and
the NOLAPS forecast. The initial state and the two NOWLAPS
forecasts were read by the program directly from the history
tapes produced by the NOWLAPS runs. The verification sounding
and the NOLAPS forecast results were manually entered from the
NOLAPS printed output and interpolated to fit the NOWLAPS 2250 m
grid.

3.2.1 Synoptic conditions of the Cases

CASE 1 CHARLIE 24-25 February 1986 122

The station initially lies in a ridge, with a 1038 mb high 500
miles to the north and a 995 mb low 500 miles to the WSW. The
surface flow is light easterly. The sounding is slightly stable
with a marked increase in stability at 3500 m. Twenty-four hours
later, the surface low has deepened to 990 mb and has moved due
north. An occluded front from this system is about 100 miles SW
of the station. The surface flow is now strong SE. The sounding
is still slightly stable, but the transition to marked stability
is now 2300 m. When compared, the two soundings show virtually
no change in temperature below 2300 m, with about 2 to 4° of
warming between 2300 and 3500 m. There is no change in moisture

content at any level.

16



CASE 2 CHARLIE 16-17 February 1986 122

The station initially lies in a weak ridge between two intense
surface lows. The surface flow is strong westerly. The sounding
shows a mixed layer of height 600 m. The sounding is quite
unstable above that point until a capping inversion is reached at
2000 m. Twenty-four hours later, the low to the west of the
station has deepened to 960 mb. An occluding warm front is
approaching from the SW. The surface flow is strong SE. The
sounding is somewhat unstable below 1000 m, with a strong
inversion at that level. In general, the sounding has warmed 6
to 10°C, with the greatest warming aloft. It has also moistened

significantly at all levels.

CASE 3 CHARLIE 2-3 March 1986 122

The station initially lies just to the north of an east-west
stationary front. The surface flow is light southerly. A 986 mb
low is on the west end of the stationary front. The sounding is
generally stable, with a small (400 m) mixed layer. Twenty-four
hours later, the low has moved rapidly northeastward and is 150
miles NW of the station. The stationary front has moved north of
the station, which lies in a strong SW surface flow. The
sounding is now very stable. Significant warming and moistening
at all levels has occurred. The warming ranges from 5°C at the

surface to up to 12° or more between 1000 m and 2000 m.

17



CASE 4 CHARLIE 3-4 March 1986 122

The station initially lies in the warm sector of a 978 mb low 150
miles to the NW. The surface flow is strong southwesterly. A
strong cold front is just to the west. The sounding is very
stable up to 3000 m, becoming unstable above that level.
Twenty-four hours later, the low has deepened to 962 mb and is
600 miles to the north. The strong cold front has passed, and
the surface flow is strong westerly. The sounding shows a mixed
layer extending to 1200 m, and is stable above that level.
Dramatic cooling and drying has occurred at all levels. Cooling

ranges from 5°C at the surface to 15 to 20°C above 1000 m.

CASE 5 CHARLIE 5-6 March 1986 002

The station initially lies 600 miles southwest of a 956 mb low. A
strong cold front is 400 miles to the east, and the surface flow
is strong westerly. The sounding contains a mixed layer up to
level 1000 m, and continues to be quite unstable up to 2000 m.
Twenty-four hours later, the surface flow has become weaker and
is light westerly. The sounding is rather unstable below 2000 m,
but stabilizes rapidly above that level, with an inversion at
2700 m. There has been slight cooling (less than 2°C) below 500
m, and significant warming of 4 to 6° above 2700 m. Slight

moistening has occurred below 2000 m.

18



CASE 6 CHARLIE 9-10 March 1986 122

The station initially lies 400 miles south of a 968 mb low. A
strong cold front has just passed through, and the surface flow
is strong westerly. The sounding is quite stable, with an
inversion at 1000 m. Twenty-four hours later, the station lies
400 miles south of a 974 mb low, in a surface trough. The flow
is strong westerly. The sounding is superadiabatic below 200 m,
and is quite unstable up to 2800 m. There has been strong
cooling at all levels, ranging from 7 to 8°C below 1000 m to up

to 15°C above that level. The sounding has dried uniformly at

all levels.

CASE 7 CHARLIE 1-2 April 1986 127

The station initially lies 300 miles ESE of a 982 mb low. An
occluded front is approaching from the west. The surface flow is
very strong from the southeast. The sounding is rather unstable
in the lowest 1000 m, with an inversion at that level.
Twenty-four hours later, the low has moved southeastward and is
passing just to the south of the station. The surface flow is
light easterly. The occluded front is analyzed to the east of
the station. The sounding is rather unstable below an inversion
at 2100 m. The sounding has cooled 4 to 6°C above 1000 m, with.
little change below that level. The sounding has dried

appreciably above 1500 m with little change below that level.

19



CASE 8 CHARLIE 2-3 April 1986 122

The station initially lies 100 miles north of a 988 mb low. The
surface flow is light easterly. The sounding is rather unstable
below an inversion at 2100 m. Twenty-four hours later, a 987 mb
low is 300 miles NW of the station. An occluded front is
approaching from the west. The surface flow is light southerly.
The sounding is very stable above 500 m. It has cooled 1 to 2°C
in the lowest 1000 m, and has warmed 4 to 6°C above that level.
There has been little change in the moisture content of the

sounding.

CASE 9 CHARLIE 5-6 April 1986 122

The station intially lies 500 miles south of a 980 mb low. One
cold front has passed through the area and another, weakening,
cold front lies 200 miles to the west. The flow is light
southwesterly. The sounding shows a mixed layer up to 1400 m. It
is rather unstable above that level until an inversion is reached
at 3500 m. Twenty-four hours later, the low to the north of the
station has weakened rapidly to 1006 mb. A weak trough is 100
miles west of the station, which continues to lie in a light
southwesterly flow. The sounding is quite unstable up to 3000 m.
It has warmed slightly below 2700 m, with a maximum of 2°C at

1400 m. Moisture content is essentially unchanged at all levels.

20



CASE 10 CHARLIE 9-10 April 1986 122

The station initially lies slightly east of a low pressure
trough. A 1048 mb high lies 600 miles to the northeast. The
surface flow is strong easterly. The sounding is quite stable.
Twenty-four hours later, the high has built southward. A 1013 mb
low lies 200 miles to the south. The surface flow is still
easterly. The sounding is somewhat less stable, with a weak
surface inversion, and another inversion at 2600 m. Slight
warming has taken place below 700 m, while cooling of 2 to 3°C
has occurred above that level. Slight moistening has occurred
below 700 m, while drying has occurred above that level. The

drying above 2400 m has been significant.

CASE 11 CHARLIE 10-11 April 1986 122

The station initially lies 200 miles north of a weak surface low
and 500 miles southwest of a 1044 mb high. The surface flow is
easterly. The sounding is stable, with an inversion at the
surface and at 2600 m. Twenty-four hours later, the high has
built into the area of the station. The surface flow is light
easterly. The sounding has a very pronounced surface inversion,
but is rather unstable between 300 and 2100 m, with another
inversion at the latter level. Except for 2°C of cooling at the
surface, the sounding has warmed at all levels, with significant
warming (4 to 6°C) above 2000 m. The sounding has dried slightly

below 3000 m, with some moistening above that level.
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CASE 12 CHARLIE 11-12 April 1986 122

The station initially lies 300 miles west of a 1040 mb high. The
surface flow is light easterly. The sounding has a very
pronounced surface inversion, is rather unstable between 300 m
and 2100 m, and has another inversion at the latter level.
Twenty-four hours later, the station is centered in the surface
ridge. The flow is light northerly. The sounding is quite
stable at all levels, with slight inversions at the surface and
at 1100 m. The sounding has cooled 2 to 4°C below 1800 km, with
little change above that level. Drying has occurred at all
levels except between 2400 and 3200 m, where slight moistening

occurred.

CASE 13 CHARLIE 13-14 April 1986 122

The station initially lies 100 miles east of a 1032 mb high. The
surface flow is light northerly. The sounding reveals a 1000 m
mixed layer with a dramatic inversion in the next 800 m.
Twenty-four hours later, the high has strengthened and moved
slightly southwestward. The surface flow is still northerly. The
sounding is very similar. The mixed layer extends from the
surface to 800 m, with a pronounced inversion from that level up
to 1800 m. The moisture content of the sounding has changed

little.
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CASE 14 CHARLIE 14-15 April 1986 122

The station initially lies 300 miles northeast of a 1034 mb high.
The surface flow is northerly. The sounding possesses an 800 m
mixed layer capped by a pronounced inversion. The inversion
extends to 1800 m. Twenty-four hours later, the surface
situation is essentially unchanged. The sounding shows a mixed
layer extending from the surface to 1400 m, with an inversion
from that level to 2000 m. Significant cooling has occurred
above 800 m, with little change below that level. Some
moistening has occurred between 1400 and 2500 m, with slight

drying above that level.

CASE 15 CHARLIE 17-18 April 1986 122

The station initially lies 500 miles north of a 1034 mb high. The
flow is southwesterly. The sounding is quite stable and
possesses a pronounced inversion at 2000 m. Twenty-four hours
later, the high has moved well south of the area and a
fast-moving, intensifying low is 200 miles to the north. An
occluded front is just west of the station. The surface flow is
strong southwesterly. The sounding is quite stable, and has
warmed 4 to 6°C below 2000 m. There has been slight warming
above that level. There has been significant moistening at all

levels.
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CASE 16 CHARLIE 24-25 April 1986 122

The station initially lies just northeast of a large surface
ridge. A 998 mb low is 500 miles to the north, and a weak cold
front is approaching from the northwest. The sounding is very
stable at all levels. Twenty-four hours later, the low is still
500 miles north of the station and has deepened to 990 mb. The
weak cold front has just passed and the flow is northwesterly.
The sounding is still very stable, with an inversion between 400
and 1100 m. Slight cooling has occurred below 1000 m and above

3000 m with little change in between. The moisture profile has

changed very little.

CASE 17 CHARLIE 1-2 May 1986 122

The station initially lies 300 miles north of a 1027 mb high. The
surface flow is northwesterly. The sounding is rather unstable
up to an inversion at 1800 m. Twenty-four hours later, the high
has drifted southeastward, away from the station, and a strong
warm front is 200 miles south of the area. The flow is light
southerly. The sounding is unstable up to 1000 m, with a
pronounced inversion at that level. The sounding has warmed
noticeably at all levels, with a maximum of 6 to 8°C at 1500 m.
Some moistening has taken place, especially in the lowest 1000 'm

and above 3300 m.
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CASE 18 CHARLIE 2-3 May 1986 122

The station initially lies 200 miles north of a strong warm
front, and is experiencing a light gsoutherly flow. The sounding
is unstable up to 1000 m, with a pronounced inversion at that
level. Another pronounced inversion occurs at 3400 m.
Twenty-four hours later, the warm front has become stationary
just to the south of the station. High pressure well to the
north has ridged into the area, and is producing a very light
easterly flow. The sounding is quite stable, and has warmed at
all levels. The maximum warming is 6 to 10°C between 2800 m and
3300 m. The sounding has moistened below 2800 m, while drying

above that level.

CASE 19 CHARLIE 6~-7 May 1986 122

The station initially lies in a ridge, with a 1036 mb high well
to the north. A 997 mb low 400 miles to the west and its
associated occluded front are approaching. The surface flow is
light easterly. The sounding shows a mixed layer up to 1300 m
capped by a pronounced inversion at that level.” Twenty-four
hours later, a large east-west trough of low pressure lies just
to the south of the area. The surface flow is strong easterly.
The sounding is rather unstable, with no inversions. Significant
cooling above 1400 m (6 to 10°C) has occurred, while slight
warming has been observed below that level. Slight moistening

has occurred below 2700 m, with little change above that level.
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CASE 20 CHARLIE 9-10 May 1986 122

The station initially lies 300 miles west of a strong 980 mb low.
The surface flow is northerly. The sounding is rather stable up
to 2300 m, but is very stable above that level. Twenty-four
hours later, the strong low has moved further eastward, and a
1008 mb low has developed along a stationary front 400 miles
south of the station. The surface flow is light northeasterly.
The sounding is quite unstable with a remarkably uniform lapse
rate for the lowest 3700 m. The sounding has cooled below 3100 m
with marked warming above that level. Drying has occurred above

1000 m, with little change below that level.

CASE 21 CHARLIE 10-11 May 1986 122

The station initially lies 400 miles north of a weak, but
developing 1008 mb low centered on an east-west stationary front.
The flow is light northeasterly. The sounding is quite unstable,
with a remarkably uniform lapse rate. Twenty-four hours later,
the low has deepened to 992 mb, and has raced northeastward,
passing south of the station and now lying 400 miles to the east.
The surface flow is northwesterly. The sounding has a 1100 m
mixed layer and is rather stable above that level. Cooling has
occurred below 2800 m, most pronounced (3 to 5°C) between 500 m
and 2000 m. The sounding has dried at all levels, with the

maximum drying near the surface.

26



CASE 22 CHARLIE 11-12 May 1986 122

The station initially lies 400 miles west of a 992 mb low. The
surface flow is northwesterly. The sounding has an 1100 m mixed
layer and is rather stable above that level. Twenty-four hours
later, the station lies to the west of a northwest-southeast
trough. A 1035 mb high is ridging in from the west. The flow is
strong north-westerly. The sounding is rather unstable bglow an
inversion at 3000 m. Cooling has occurred at all levels, with a
maximum of 6 to 8°C above 2000 m. Moisture content of the

sounding is essentially unchanged.

CASE 23 CHARLIE 15-16 May 1986 122

The station initially lies in a weak east-west ridge. It is
experiencing a light northwesterly flow. The sounding is rather
unstable up to an inversion at 1600 m. Twenty-four hours later,
a weak low is approaching from the northwest, and producing a
southwesterly flow. The sounding is slightly more stable. Some
warming has occurred between 800 m and 2000 m, with little change
elsewhere. Very slight moistening occurs below 2600 m, with

little change above that level.

CASE 24 CHARLIE 16-17 May 1986 122

The station initially lies 100 miles southeast of a 998 mb low
and its associated occluded front. The surface flow is

southwesterly. The sounding is quite stable. Twenty-four hours
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later, the low has strengthened to 988 mb, as is just east of the
station. The flow is northwesterly. The sounding has changed
very little, with slight warming between 1800 m and 2800 m, and
slight cooling elsewhere. Slight drying has occurred at all

levels.

CASE 25 CHARLIE 17-18 May 1986 122

The station initially lies 100 miles west of a 988 mb low and is
experiencing northwesterly flow. The sounding is rather unstable
below 1200 m, but stable above that level. Twenty-four hours
later, a strong north-south trough has developed to the east with
a weak ridge building from the southwest. The surface flow is
northwesterly. The sounding has a mixed layer extending up to
1200 m with a capping inversion at that level. The sounding
becomes rather unstable again above 2300 m. Some cooling has
occurred below 1400 m, with very slight warming above that level.
Drying has occurred at all levels, with the maximum drying above

1400 m.

CASE 26 CHARLIE 18-19 May 1986 122

The station initially lies on the western edge of a strong
north-south trough. A weak ridge is building from the southwest,
while a 988 mb low is 700 miles to the northwest. The sounding
has a mixed layer extending up to 1200 m with a pronounced
capping inversion at that level. The sounding becomes rather

unstable again above 2300 m. Twenty-four hours later, the low to
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the northwest has moved rapidly eastward and is now 300 miles
north of the station. A cold front is approaching from the
northwest. The station is in southwesterly flow. The sounding
is stable and significantly warmer. Maximum warming has occurred
at 1000 m (6°C) and above 3200 m (8 to 10°C). Moistening has

occurred at all levels, and is most pronounced below 1300 m.

CASE 27 CHARLIE 19-20 May 1986 122

The station initially lies 300 miles south of a 998 mb low. Its
associated cold front is approaching from the northwest. The
surface flow is southwesterly. The sounding is stable below 3300
m. Twenty-four hours later, the low has explosively deepened to
979 mb and is 500 miles northeast of the station. The cold front
has passed, and the station is experiencing a strong north-
westerly flow. The sounding contains a mixed layer extending up
to 1500 m, capped by a pronounced inversion. Cooling has
occurred at all levels, generally 4 to 8° above 500 m. Drying

has occurred at all levels, especially below 1400 m.

CASE 28 CHARLIE 12-13 June 1986 122

The station initially lies 300 miles south of a 986 mb low. A
strong cold front is just passing through the area. The surface
flow is strong southwesterly. The sounding is rather stable,
with a pronounced inversion at 2800 m. Twenty-four hours later,
the low has deepened to 978 mb and has remained stationary. The

cold front has swept through, and the station is in a strong
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westerly flow. The sounding is rather unstable below 1200 m.
Cooling of 4 to 6°C has occurred at all levels below 2800 m.

Rather uniform and significant drying has occurred at all levels.

CASE 29 CHARLIE 4~5 June 1986 122

The station initially lies 300 miles southeast of a 990 mb low.

A strong cold front is approaching from the west. The surface
flow is southwesterly. The sounding is stable with a pronounced
inversion in the lowest 300 m. Twenty-four hours later, the cold
front has swept through, and the station is experiencing a
westerly flow. The sounding is quite unstable up to 1800 m, with
an inversion above that level. It has cooled substantially at
all levels, with the maximum cooling, 8-12° between 300 m and

1800 m. The sounding has dried substantially at all levels.

3.3 Test Results

The comparison of the NOLAPS and NOWLAPS forecasts will be
presented from four perspectives. First, the computed
large-scale temperature tendencies applied to NOWLAPS will be
compared to those used for NOLAPS. Next, RMS errors for wing,
temperature, and moisture parameters will be compared for NOLAPS,
NOWLAPS (with and without LST) and persistence. A discussion of
the performance of each forecast on a case-by-case basis will
follow. Finally, plots of the initial and verifying soundings,
the NOWLAPS forecasts and the NOLAPS forecast for temperature,

moisture, wind direction and speed can be found in Attachment B. ¥

X

Available separately upon reaquest.
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3.3.1 Comparison of Temperature Tendencies--Tables 1, 2, and 3
compare the temperature tendencies applied to NOLAPS and NOWLAPS
for each of the 29 cases for 1000 mb, 850 mb, and 700 mb,
respectively. The figures for the 00 to 1l2-hour period and for
the 12 to 24-hour period are in °C per 12 hours. The total
NOLAPS and NOWLAPS figures are in °C per 24 hours. The 29-case
mean tendencies are provided to indicate that no appreciable bias
exists between the two forecasts. The ensemble of cases does,
however, represent some net cooling. A more significant
comparison of the two sets of temperature tendencies is the
absolute value of their difference. The mean of this value over
29 cases is 1.0°C for 1000 mb, 1.1°C for 850 mb, and 1.5°C for

700 mb.

Is this accuracy satisfactory? In theory, the two sets of
tendencies should be identical, since they are derived from the
same forecasts. The 1 to 1.5°C variance represents the
uncertainty in the interpolation between temperature contours at
5°C intervals. This interpolation is performed visually, with
the aid of a ruler, to approximate a linear interpolation between
successive contours. A more rigorous interpolation cannot be
justified, since linearity between contours is itself an
approximation. In addition, many small closed contours exist
without labeling. Using the available meteorological information,
most could be identified as either maxima or minima. However,
this determination was often a time-consuming venture, and a few

cases remained ambiguous. The variance of 1 to 1.5°C between the
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1000 mb Temperature Tendency

Table 1.

NOLAPS NOLAPS Total NOWLAPS NOWLAPS Total
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850 mb Temperature Tendency

Table 2.

NOLAPS NOLAPS Total NOWLAPS NOWLAPS Total
0-12 12-24 NOLAPS 0-12 12-24 NOWLAPS

Case
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700 mb Temperature Tendency

Table 3.

NOLAPS NOLAPS Total NOWLAPS NOWLAPS Total
0-12 12-24 NOLAPS 0-12 12-24 NOWLAPS

Case
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